Abstract Introduction: It has been suggested that neuropsychiatric events during use of mefloquine are more common in females than in males and are partly explained by the psychological stress of travelling. Therefore, we investigated neuropsychiatric events in females and males on mefloquine in the 3-week prophylactic period that precedes travelling. Furthermore, we investigated whether first-time users had a higher risk of neuropsychiatric adverse events than subjects with a history of mefloquine use. Methods: We enrolled all patients who visited a Travel Clinic for mefloquine prophylaxis during the period 1 May 1999 to 7 March 2000. Each patient was followed from baseline (prior to starting mefloquine) up to 3 weeks after the start of mefloquine but before travelling. We asked patients to register any adverse event in a diary and measured the intra-individual change in scores on the Dutch Shortened Profile Of Mood States (POMS) at baseline and at the end of follow-up. Results: The final cohort consisted of 179 subjects with a mean age of 3 years. Females reported adverse events more frequently than males (P=0.005). Overall, we observed a small but significant increase in the score on the domain fatigue [0.74 points, 95% confidence interval (CI) 0.18, 1.30]. The effect was exclusively present in females and not in males. First-time users of mefloquine increased 2.81 points (95% CI 0.70, 4.92) on the total score of the POMS, and among those, women showed the largest increase of 4.58 points (95% CI 0.74, 8.43). Conclusion: The use of mefloquine was associated with neuropsychiatric adverse effects. Females encountered neuropsychiatric effects more frequently than males, which could be confirmed by validated psychological tests. Neuropsychiatric effects were more common in first-time users than in individuals who had used mefloquine before.
Introduction
In the Netherlands, mefloquine is currently the first choice for malaria prophylaxis in travellers staying more than 7 nights in areas with chloroquine-resistant falciparum malaria [1] . Mefloquine is a quinoline derivative that is used in a dose of 250 mg weekly. In order to obtain adequate prophylactic blood levels and to detect adverse effects at an early stage, mefloquine is usually started 3 weeks before travelling. During the last years, case reports on neuropsychiatric adverse events and subsequent media attention have influenced the public opinion on the use of mefloquine [2, 3, 4, 5] . Two types of neuropsychiatric adverse events have been attributed to the use of mefloquine: (1) a sensation of dizziness, dysphoria, light-headedness and difficulty in concentrating which occurs within 6 h after intake and usually resolves during the following days; (2) acute psychosis with agitation or depression, occurring in the second week after starting prophylaxis [6] . In a previous study, we found that women in particular developed insomnia on mefloquine [7] . Other studies also found more neuropsychiatric effects in women than in men [8, 9] . Several studies, however, did not take into account the stress of travelling itself.
psychological stress of intercontinental travel may confound the association between mefloquine and neuropsychiatric adverse events [8, 10, 11] . Therefore, we further explored the difference between neuropsychiatric adverse effects in males and females on mefloquine during the 3-week prophylactic period that precedes travelling. Furthermore, we investigated whether first-time users had a higher risk of neuropsychiatric adverse events than subjects with a history of mefloquine use.
Methods
We conducted a prospective cohort study in the Travel Clinic of the Havenziekenhuis and Institute for Tropical Diseases Rotterdam, the Netherlands. The study was approved by the local medical ethics committee.
Cohort definition
Our potential study population consisted of all persons who visited the travel clinic for malaria prophylaxis during the study period that started 1 May 1999 and ended 7 March 2000. Subjects were recruited at the first visit (baseline), during which they were asked for written informed consent. Follow-up ended at a scheduled visit 2 weeks or 3 weeks after starting prophylaxis but always prior to departure to the tropics. We included all subjects who received a prescription for mefloquine and excluded all persons who had either one or more contraindications for mefloquine (history of epilepsy, psychosis or depression, known allergy or sensitivity to mefloquine, concurrent use of cardiovascular medication). Subsequently, we excluded subjects who had used mefloquine in the preceding 2 months and those who had other risk factors for concentration impairment (e.g. use of opioids, hypnotics or tranquillisers during the 2 weeks prior to testing, use of alcohol 4 h prior to testing).
Outcomes
We studied two different outcomes. The first outcome measure was the intra-individual change in score on the Dutch Shortened Profile Of Mood States (POMS). The POMS is a validated questionnaire for the measurement of subjective mood. The POMS contains 32 questions and is designed to measure feelings in five domains: tension, depression, anger, fatigue and vigour. The answers are graded on a five-point scale ranging from ''not at all'' (scale 0) to ''extremely'' (scale 4) [12] . The total mood disturbance (TMD) is a composite overall score, which can be calculated by summing the raw scores across the four categories (tension, anger, fatigue and depression) and subtracting vigour. The calculated total score ranges from -20 to 108, and an increase in TMD means an increase of mood disturbance. For every subject, the reference score was assessed before start of therapy (baseline date) and the index score after the second or third tablet of mefloquine (index date), shortly before travelling.
The second outcome was the occurrence of neuropsychiatric adverse events. All subjects were asked to register all adverse events that were encountered during the first 3 weeks of use of mefloquine in a diary.
Exposure to mefloquine
Previous exposure to mefloquine was assessed using a questionnaire at baseline. Use of mefloquine during the study period was assessed by means of a diary sheet on which subjects were asked to fill out dose and dosing times from the start until the end of follow-up. Compliance with use of mefloquine was assessed on the basis of diary recordings.
Covariates
Data were gathered at baseline on demographics, weight, height, education, travel destination and chronic co-morbidity. Furthermore, data on risk factors, which may vary over time and which are potentially related to the outcomes on the POMS scales, were collected at the start and at the end of follow-up. These included the use of alcohol, coffee, co-medication and illicit drugs.
Analysis
We calculated that to demonstrate a standardised difference in TMD of 0.5 with a power of 0.8 at a two-sided significance level of 0.05 and assuming a participation rate of 80%, would require approximately 150 individuals. The primary comparison comprised the intra-individual change (delta) in the scores on the POMS domains between baseline and at the end of follow-up. Univariate analyses of continuous variables were conducted by means of paired t-tests. In order to study the association between timeindependent covariates such as co-morbidity, age and gender and the change in scores we used linear-regression models. In a second step, we identified through stratification whether the intra-individual effects were associated with previous use of mefloquine and with the self-reported neuropsychiatric adverse events. In order to study the association between time-dependent covariates such as use of coffee and medication and the change in scores, we used the general linear model for repeated measurements. All tests were twosided with rejection of the null hypothesis at a P value less than 0.05. The risk of neuropsychiatric adverse events as reported by the subjects within the first weeks of use were calculated for persons who completed follow-up (per protocol analysis) and for all persons who were initially recruited. Furthermore, to check internal consistency we compared the change in scores on the POMS in subjects with and without self-reported adverse events.
Results
We enrolled a total of 200 subjects in the cohort, of whom 179 (89.5%) completed follow-up. Reasons for loss to follow-up were: withdrawal of informed consent (n=12), cessation of mefloquine because of neuropsychiatric adverse effects (n=5), cancelling of the trip (n=3) and moving to another part of the Netherlands (n=1). Of the 21 subjects dropping out, 9 (42.9%) were female. Comparison of the scores on the POMS at baseline showed that dropouts had significantly higher scores on the domains tension and depression than participants.
Hence, the final cohort for whom we obtained scores on the POMS on both occasions consisted of 179 subjects with a mean age of 39 years. General characteristics of the study population are presented in Table 1 . Only 9% of subjects were experiencing medical complaints at the time of enrolment but these were non-serious. No differences were observed between males and females regarding age, highest education, marital status, number of smokers and presence of medical complaints at baseline. The travel destination was predominantly Africa (67.4%) and the reason for travelling tourism ( Table 1 ). The majority of the study population planned their travel together with others (88.8%). We observed no differences between males and females regarding the travel characteristics. In our cohort, 70 subjects (39.3%) had used mefloquine before, and 21 subjects (30.4%) had encountered non-serious adverse events during previous use of mefloquine. Upon prompting by questionnaire, 58 subjects (21 males and 37 females) reported neuropsychiatric adverse events attributed to the use of mefloquine (cumulative incidence for per protocol analysis: 32.4%; idem for intention-to-treat analysis: 31.5%). Females reported adverse events more frequently than males (P=0.002). The most frequently reported adverse events comprised insomnia (n=23), headache (n=15), fatigue (n=14), dizziness (n=13), abnormal dreams/nightmares (n=12) and anxiety/depression/emotional lability (n=9). The risk of at least one neuropsychiatric adverse event was 44.6% for females [95% confidence interval (CI) 34.5%, 54.7%] and 22.1% for males (95% CI 13.8%, 30.4%). The risk of neuropsychiatric adverse events during the first 3 weeks of first-time use of mefloquine was 38.0% (95% CI 28.8%, 47.1%) and in those with a history of use 24.3% (95% CI 14.2%, 34.3%). With respect to the POMS, we observed small increases during follow-up on all domains but the change was only significant on the domain fatigue and TMD for females (Table 2) . No changes were observed in males. Adjustment for time-dependent covariates did not affect the results. Stratification for history of use of mefloquine showed that the TMD and the scores on the domains anger and vigour differed between first-time users and those who had used me- (Table 3) . This difference was due to the significant increase on these domains among first-time users, whereas no changes were observed among previous users of mefloquine (Table 3) . These changes were only statistically significant in female first-time users.
Comparison of the change in score on the POMS between subjects with and without reported adverse events showed that within subjects reporting neuropsychiatric adverse events the scores on the domains depression and fatigue, as well as the TMD (4.59 points, 95% CI 0.92, 8.25) increased significantly (Table 4) . Between the two groups significant differences were observed on the domains anger and vigour as well as the TMD.
Discussion
In this study, we found that mild neuropsychiatric adverse events during the first weeks of prophylactic use of mefloquine are common. This endorses the policy in some countries to start mefloquine prophylaxis at least 3 weeks prior to departure. If adverse events develop, they usually appear early at a time that the patient can still switch to another antimalarial. Mefloquine has acetylcholinesterase-inhibiting properties, and stereospecific inhibition of acetylcholinesterase has been reported [13, 14] . It is known that acetylcholinesterase inhibitors are able to affect the central nervous system resulting in anxiety, restlessness, disrupted concentration and memory, confusion, sleep disturbances and convulsions [15] . Hence, the adverse-reaction profile of mefloquine is compatible with its pharmacological activity. The high short-term risk of encountering neuropsychiatric events of approximately 32% among the population of young and healthy travellers who used mefloquine as malaria prophylaxis during the run-in period of 3 weeks is higher than the previously reported incidences of 11.2% [8] , 17.4% [11] and 18.7% [16] . It is possible that the fact that we explicitly asked patients to report potential adverse effects may have caused a bias towards over-reporting. This bias could not be avoided as it is currently state of the art to treat people with a prophylactic dose of mefloquine for 3 weeks preceding travelling in order to be able to change treatment in case of neuropsychiatric adverse events [1] . In case of such events, people are advised to come back for alternative treatment. Nevertheless, the concurrent abnormalities on the POMS questionnaire confirm that these events are common and the differences between males and females and between first-time and regular users of mefloquine suggest a difference in vulnerability. A possible explanation for differences between males and females might be that females are more aware of neuropsychiatric disturbances than males and communicate this more easily than males. Another explanation for differences between males and females might be a gender-specific difference in bioavailability or metabolism of mefloquine, although such a difference was not demonstrated in one small study [17] . The fact that individuals with a history of mefloquine use did not demonstrate neuropsychiatric abnormalities on the POMS may be explained by the phenomenon of 'depletion of susceptibles'. This means that persons who encounter adverse events will not use the drug again whereas those without adverse events will use the drug again during their future travels. Some authors have suggested that the physiological and psychological stress of intercontinental travel may be of importance for mefloquine-associated neuropsychiatric adverse events [8, 10, 11] . In this study, we tried to eliminate the effects of travel by assessing the adverse effects after the third tablet of mefloquine at the time that all subjects were still at home. Our results show that neuropsychiatric adverse events occur within 3 weeks after starting mefloquine and occur independently of intercontinental travel.
Before drawing conclusions we need to emphasise some limitations that may affect the internal and external validity of our study. Firstly, we compared changes within subjects who were all taking a prophylactic dose of mefloquine. Although this allowed for elimination of confounding by subject characteristics, all individuals were aware of the fact that they received active treatment. We could not include a placebo group for ethical considerations nor an actively treated comparator group since the alternative chemoprophylaxis is started on the day of departure. Therefore, we may have overestimated the effect on the POMS. Secondly, the external validity of our study may have been affected by the selection of our study population. The selection of the cohort is based on the prescription of mefloquine to persons planning to make a trip to a tropical area for which mefloquine is advised. The choice of chemoprophylaxis is based on the absence of contraindications for the drug and the tropical area visited. This leads to a selection of a relatively healthy cohort formed by first-time users (with no known contraindications for the drug) and travellers who had used mefloquine before but who did not encounter serious adverse events.
This shows that previous use of mefloquine should be taken into account when generalising the effects to the population of users of mefloquine for chemoprophylaxis.
In conclusion, mefloquine-associated neuropsychiatric adverse effects were demonstrated during the run-in period of 3 weeks of the use of a prophylactic dose of 250 mg weekly. These effects were most common in women and first-time users. Future studies should further explore other risk factors for neuropsychiatric adverse events.
